Purpose: The purpose of this integrative review was to evaluate and synthesize studies that incorporated biological measures and examined their associations with chronic stress and anxiety in adolescents and emerging adults with chronic health conditions. Design: An integrative literature review was conducted using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement to identify studies published between 2005 and 2015. Methods: Using key terms, three databases (PubMed/Medline, PsycInfo and the Cumulative Index to Nursing and Allied Health Literature) were searched by a research librarian. Additional publications with relevance to the topic were identified from citing and cited literature. The full text of 61 publications was reviewed. The final group of articles analyzed for this review included 36 peer-reviewed publications and meeting abstracts. Findings: Studies varied considerably in characteristics, theoretical frameworks, phenotypes of interest, and study measures. Few studies evaluated genomic variants; those that did often examined small samples and a limited number of biological factors. Conclusions: Studies of chronic stress and anxiety in adolescents and emerging adults with chronic health conditions are currently limited in scope and impact. A more comprehensive approach will facilitate translation into practice to improve short-and long-term health outcomes. Clinical Relevance: Precision and genomic healthcare initiatives support the relevance of this work for nurses in all areas of clinical practice. Genomic testing is expanding to include individuals in all age groups, with and without diagnosed conditions. As psychological and behavioral phenotypes may influence self-management outcomes of adolescents and emerging adults with chronic health conditions, further research in this area is warranted.
associated with poor mental and physical health outcomes (Beckie, 2012; Juster et al., 2011) , as well as less effective acute stress response (Juster, McEwen, & Lupien, 2010; McEwen & Getz, 2013) . Predisposition to higher stress and anxiety may further limit effective response to transition-related stress (Bosk, 2011; SansomDaly, Peate, Wakefield, Bryant, & Cohn, 2012; Turkel, 2007) and influence mental and physical health. Thus, AEAs with CHCs, who may experience both elevated chronic stress and anxiety and less effective responses to acute stress, are at increased risk of poor outcomes compared to AEAs without CHCs (Modi et al., 2012; SansomDaly et al., 2012; Turkel, 2007) .
Psychological, behavioral, and biological differences underlie individual variability in chronic stress, anxiety, and poor outcomes (Offidani & Ruini, 2012) . Identifying factors associated with this variability in AEAs is essential for improving outcomes, particularly during periods of transition (Ferro, Gorter, & Boyle, 2015) . Multiple studies have examined behavioral and psychological factors associated with high stress and anxiety, but few have examined biological traits. Identifying these could facilitate identification of those at risk of poor transition outcomes, inform development of more effective interventions, and aid delivery of personalized self-management strategies (Offidani & Ruini, 2012) .
Self-management interventions designed to improve outcomes are typically applied broadly, without considering unique individual context. The most widely used is the Chronic Disease Self-Management Program (CDSMP; Lorig et al., 2001) , although its effectiveness varies. The one-size-fits-all approach to management could partially explain limited effects (Newbould, Taylor, & Bury, 2006; Ritter, Lee, & Lorig, 2011) . A more individualized, or targeted, approach would incorporate contextual information. Individual, interpersonal, and environmental factors can affect CHC self-management opportunities, approaches, and outcomes, as well as effectiveness of interventions.
Examining biological variants associated with chronic stress and anxiety will facilitate identification of those who may be at increased risk of adverse outcomes during and after critical developmental transitions. Summarizing variants examined across studies will provide a core set of biological markers researchers can use in the future to develop studies that build on and add to prior work. Of particular interest to nurses is the development of personalized interventions designed to alleviate chronic stress and anxiety; learning more about biological markers associated with these outcomes will facilitate their development and testing. The purpose of this integrative review was to evaluate and synthesize studies that incorporated biological measures and examined their associations with chronic stress and anxiety in AEAs with CHCs. While AEAs with CHCs are the population of interest for this review, the identification of biological factors associated with chronic stress may be of interest to researchers focusing on other populations (e.g., other age groups, individuals without CHCs). Chronic stress can serve as a risk factor for many different outcomes of interest to health researchers, including mental (e.g., anxiety, depression) and physical (e.g., cardiopulmonary, metabolic) health (Ben-Shlomo & Kuh, 2002; Halfon, Larson, Lu, Tullis, & Russ, 2014) . The variants identified through this review could be examined in the future to ascertain their effect in other populations; variants potentially associated with the phenotypes of chronic stress and anxiety will vary at the population level, not specific to any particular condition (McVicar, Ravalier, & Greenwood, 2014; Offidani, Tomba, & Linder, 2013) . Two questions guided the initial review: (a) what theoretical frameworks have been used to study chronic stress and anxiety in adolescents and emerging adults and (b) which biomarkers of chronic stress or anxiety have been shown to influence self-management outcomes in AEAs with CHCs?
Methods
An integrative review was conducted to identify and evaluate human research studies that assessed biological markers of chronic stress in AEAs with CHCs making the transition to adulthood. The Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement guided the review (Moher, Liberati, Tetzlaff, & Altman, 2009) . A research librarian conducted the initial search in PubMed/Medline, PsycInfo, and the Cumulative Index to Nursing and Allied Health Literature (CINAHL). Articles written in English and published from 2005 to 2015 were identified. This time period was selected because (a) the need to address transitional care began to appear in the literature, and (b) the capacity to measure a diverse array of biological factors expanded dramatically. The initial set of key words identified included those related to AEAs, chronic disease, psychological stress, and biological markers. During the search, related and matching terms were identified and searched for in each specific database. References from published studies and literature reviews were searched manually. Detailed information on the search process and outcomes, including number of articles excluded at each step, is provided in Figure S1 . Articles retrieved (N = 1,992) included 1,266 from PubMed, 346 from PsycINFO, and 380 from CINAHL. One of the authors (A.L.E.) identified duplicates and conducted a title review to determine relevance, excluding 1,785 articles due to irrelevance (e.g., animal models, procedures). Abstracts for the remaining 207 were reviewed (by A.L.E.), and 146 were excluded for irrelevance (see Figure S1 , available with the online version of this article).
The full text of 61 articles was reviewed by authors to determine whether they met inclusion criteria: (a) research studies; (b) human participants 13 to 29 years of age (i.e., AEAs); (c) clear methodologies for measuring chronic stress, anxiety, and biomarkers; (d) outcome measures; and (e) written in English (see Figure S1 ). Studies were excluded if they did not include the age range of interest; did not report on research studies (e.g., review of the literature); or were not in English. While the initial review focused on transition to adulthood and self-management of CHCs, a lack of studies on these topics required broadening the review criteria. Full text review excluded an additional 30 articles. As a last step, the full text of meeting abstracts identified in a follow-up search was reviewed when related articles could not be identified. Of these, five peer-reviewed abstracts were included. These 36 articles and abstracts were used in the integrative review (Table S1 , available with the online version of this article).
The quality of each individual article was assessed using modified criteria from the Joanna Briggs Institute (Aromataris & Riitano, 2014) deemed essential for evaluating cross-sectional or intervention and group comparison studies (Table S2 , available with the online version of this article). The checklists assess a study's quality, including the design, methods, analysis, and clinical relevance. These assessments were used as a guide for evaluating quality; scores were not generated during the review process. All 36 studies met the criteria of the checklist and were included in the analysis.
Results
Article metrics were summarized, and detailed information is supplied in Table S1 . Metrics included authors' disciplines; country(ies) where the study was conducted; diagnoses; sample definition; study models; outcome measures; and biological markers. We also identified authors and journals with multiple publications. Articles on biological and genomic variants associated with chronic stress in individuals with CHCs are reviewed in detail. As descriptions of the study findings involved several common terms used in genomic research, a terminology box is included (Table S3 , available with the online version of this article).
Study Characteristics
Most studies (n = 21) were conducted in the United States. Studies were also conducted in Canada, the United Kingdom, and Germany (n = 3 each), and Japan (n = 2). Four studies were conducted by nurse scientists (Hammer, 2012; Santacroce & Crandell, 2014) or interdisciplinary teams with a nurse scientist (Gregoski et al., 2012; Tell, Burr, Mathews, & Janusek, 2015) . Five articles focused on AEAs with type 1 or type 2 diabetes, four on asthma, and three each on cancer, cancer survivors, and atopic dermatitis. No studies took a noncategorical approach, although some included samples with conditions belonging to a broader diagnostic category.
Sample Definition
Emerging adulthood is typically defined as 18 to 29 years old; however, this overlaps with what is typically considered late adolescence (18-20 years). Thus, studies evaluating adolescents and emerging adults were included in this review. Substantial variation was found in study samples: adolescents only, emerging adults only, adolescents as part of a larger group of children, and emerging adults as part of a larger group of adults. Several studies did not provide sufficient information to fully characterize sample composition, although AEAs were included.
Study Models
Most articles (n = 27) did not identify a guiding theoretical model. Only the construct of learned helplessness was used in more than one study (Eddington, 2012; Eddington, Mullins, Byrd-Craven, & Chaney, 2012) . Other models included allostatic load (Santacroce & Crandell, 2014) , Selye's model of stress and the hypothalamic-pituitary-adrenal (HPA) axis (Heim, Ehlert, Hanker, & Hellhammer, 1998) , oxidative stress (Hammer, 2012) , diathesis stress (Corbett, Mendoza, Baym, Bunge, & Levine, 2008) , frontal electroencephalographic asymmetry-emotion (Schmidt, Miskovic, Boyle, & Saigal, 2010) , lifespan (Conte, Walco, & Kimura, 2003) , and the circumplex model (Mengel et al., 1992) . Models incorporating a biological element were of interest and included Selye's model, oxidative stress, and diathesis stress (Corbett et al., 2008; Hammer, 2012; Heim et al., 1998) .
Phenotypes
The phenotypes of interest were chronic anxiety and stress. Definition and measurement of these phenotypes varied substantially. Stress-related concepts included child behavior, stressful life events, anxiety, and depressive symptoms. The most common outcome measures (see Table S1 ) were the Child Behavior Checklist (CBCL; n = 6 studies; Conte et al., 2003; Dykens, Roof, Bittel, & Butler, 2011; Lense, Tomarken, & Dykens, 2013; Mengel et al., 1992; Schmidt et al., 2010; Shashi et al., 2010) ; State-Trait Anxiety Inventory (n = 7 studies; Afsar, Isleten, & Sonmez, 2010; Bloss et al., 2011; Conte et al., 2003; Kiecolt-Glaser et al., 2009; King et al., 2010; Mengel et al., 1992; Schmidt et al., 2010) ; Center for Epidemiologic Studies Depression Scale (n = 3 studies; Eddington, 2012; Eddington et al., 2012; Schmidt et al., 2010) ; Beck Depression Inventory (n = 3 studies; Daskas, Sharples, Woltersdorf, Crowne, & Kids Head Injury NeuroEndocrine Study, 2013; Gross, Schote, Schneider, Schulz, & Meyer, 2014; Raikkonen, Lahti, & Eriksson, 2015) , and investigator-derived measures (n = 11 measures, n = 7 studies; Chen, Fisher, Bacharier, & Strunk, 2003; Delamater et al., 1988; Korczak, Madigan, Daneman, & Manassis, 2010; Lense et al., 2013; Lobo, Granger, Paul, Goebelsmann, & Mishell, 1983; Tell et al., 2015; Weigensberg et al., 2009 ). Condition-specific measures were included for diabetes, atopic dermatitis, hyperhidrosis, hyperphagia due to Prader-Willi syndrome (PWS), and tics or obsessive-compulsive disorder. Comparison groups also varied; some studies relied on healthy controls (Mizawa, Yamaguchi, Ueda, Makino, & Shimizu, 2013; Rimes, Papadopoulos, Cleare, & Chalder, 2014; Saitoh, Miyakoda, Kitamura, Kotake, & Mashiba, 1992) , while others compared within disease groups (Dutour et al., 1996) .
As noted in Table S1 , 13 studies examined responses to an acute stress task or test in a laboratory setting. By far the most common was the Trier Social Stress Test (Buske-Kirschbaum et al., 1997; Eddington, 2012; Eddington et al., 2012; Frederickson, Weltfreid, & Dienes, 2015; Kiecolt-Glaser et al., 2009; Korczak et al., 2010; Tell et al., 2015) . Measures of chronic stress varied substantially. Measures assessing life events included the Family Inventory of Life Events and Change, the Life Events Inventory, a life events questionnaire, life events scale, and investigator-derived measures. Three studies used the UCLA Life Stress interview, but the time frame ranged from 3 to 12 months (Chen et al., 2003; Frederickson et al., 2015; Wolf, Nicholls, & Chen, 2008) . Another three studies used the Perceived Stress Scale, but also differed in time frame from 1 month to 1 year (Bomberg, Spruijt-Metz, Nguyen-Rodriguez, Goran, & Weigensberg, 2010; Perfect, Elkins, Lyle-Lahroud, & Posey, 2010; Weigensberg et al., 2009 ).
Biological Measures
Cortisol was the most frequently used biological measure (n = 27 studies), but its measurement varied in terms of body fluid, number of samples, and outcome measured. Multiple studies (n = 10) measured salivary cortisol but did not specify how. Thirteen studies examined cortisol response to a stressor, while 10 examined the cortisol curve over 1 or more days. Other biological traits included heart rate, blood pressure (BP), DNA, catecholamines, cytokines, body mass index, and other blood-based measures. Additional measures were specific to particular conditions (e.g., HbA1C and insulin tolerance for diabetes, white blood cells for transplant recipients).
Six articles analyzed single nucleotide polymorphisms (SNPs) specific to study outcomes. Five studies used a candidate gene approach (Das Chakraborty et al., 2012; Dykens et al., 2011; Gregoski et al., 2012; Raikkonen et al., 2015; Shashi et al., 2010) and evaluated rs4680 in COMT; rs4570625 in TPH2; rs1360780, rs9470080, and rs9394309 in FKBP5; rs5370 in ET1; and the DiGeorge critical region (DGCR6) and its duplicate (DGCRL) on chromosome 22. One study (Bloss et al., 2011 ) used a genome-wide approach to identify SNPs of interest in GABRA receptor genes. Shashi et al. (2010) studied children with 22q11.2 deletion syndrome and nonpsychotic anxiety disorders. rs4680 was analyzed due to prior association with neurocognition. The phenotype included diagnoses of phobia, obsessive-compulsive disorder, separation anxiety, social phobia, generalized anxiety, panic disorder, and post-traumatic stress disorder. Children with 22q11.2 deletion and any anxiety disorder were more likely to have the Val form of the polymorphism. Individuals with the Met allele had higher cognitive function, social skills ratings, and higher CBCL subscale scores. Dykens et al. (2011) studied the association of rs4570625 with hyperphagia behaviors in PWS due to involvement in the serotonin pathway. Individuals with the minor allele (T) were more likely to exhibit hyperphagia and were younger at onset, and had a higher IQ than those with the dominant allele (G). Females with the T allele also had higher scores on anxiety and depression measures. Raikkonen and colleagues (2015) assessed the association of three SNPs in FKBP5 (rs1360780, rs9470080, and rs9394309) with early life stress (ELS) and midlife depressive symptoms. FKBP5 was selected due to its involvement in the HPA axis. Those with ELS and more minor alleles in all three SNPs had higher rates of depressive symptoms and increased odds for recurrent high scores for depressive symptoms.
In an intervention study, Gregoski et al. (2012) studied rs5370 in ET1 for its potential association with BP response to a behavioral intervention during stressor exposure. Of interest were the combined effects of genotype and stressor exposure on BP outcomes following intervention. Participants with the minor T allele responded to one intervention in low-stress environments, but those homozygous for the G allele responded to all interventions in low-stress environments.
A study of individuals with DiGeorge syndrome evaluated the association of critical region expression with parental origin of the mutation of psychopathological diagnosis (Das Chakraborty et al., 2012) . SNPs in the deleted region (n = 450) and SNPs in linkage disequilibrium with them were analyzed. DGCR6 expression was lower in those with pathological anxiety. Those with maternally inherited deletions also had lower DGCR6L expression. Subjects with low expression had higher rates of pathological anxiety and internalizing behaviors.
Noncandidate Gene Approach
Bloss and colleagues (2011) conducted a genome-wide association study to identify and analyze SNPs in GABRA receptor genes. This study of eating disorder (ED) recovery focused on 5,151 highly conserved SNPs located at splice sites, in exons, in promotor or regulatory regions, at transcription binding factor sites, or at microRNA target sites. rs17536211 (GABRG1) was associated with lower trait anxiety and ED recovery. The top three haplotypes analyzed also include this SNP, although the association of rs17536211 by itself was stronger than any haplotype results.
Discussion
This review evaluated studies of biological measures of chronic stress and anxiety in AEAs with CHCs. A lack of studies providing information on the two questions originally guiding this review led to broadening of the review criteria (e.g., inability to identify studies with a particular focus on self-management strategies). Metrics included study characteristics, theoretical models, phenotypes, measures of chronic stress and anxiety, and biological measures. One particular focus of the review was the study population, given our interest in AEAs. Samples had a wide age range, with AEAs often included in a larger study population, and few focusing only on AEAs (Arnett, 2007) . Relying solely on age to define the study sample implies that all AEAs within an age range have similar experiences. Alternative approaches include using developmental, knowledge, and skill-based milestones associated with transition to adulthood. These may provide a more developmentally appropriate approach to transition, compared to age only, with identified needs applying to all AEAs regardless of age. Inclusion criteria should be specific and replicable to facilitate analysis, generalization, and replication.
Studies focused on specific diagnoses, although comorbidities are often shared across diagnosis. Transitionrelated stress and anxiety are also common to many conditions, as are psychological and physical comorbidities. Future studies should consider a noncategorical approach, explore anxiety and stress across conditions, and identify disease-specific or other individual factors that mediate outcomes.
Theoretical models used varied widely, and not all incorporated biological factors, the predictor of interest in this review. This led to differences in measurement, phenotype definition, and biomarker selection. This limits generalizability, clinical relevance, and translation of study findings. A more strategic approach to model identification, incorporating individual, psychosocial, and contextual factors, would facilitate future work. One possible model for future research is allostatic load, which uses a life course approach to examine the relationship of chronic stress and anxiety to later health, and incorporates biological characteristics (McEwen & Getz, 2013) .
Studies varied in the definition and measurement of chronic stress, making comparisons difficult. Careful phenotype identification of chronic stress and linkage with plausible biomarkers is critical to future work. Identifying parsimonious models incorporating all factors of interest will help ensure coherence between studies, as well as the ability to combine results across studies to generate larger sample sizes and more robust findings.
There was also significant variability in biological factors studied. Most studies used cortisol, an acute-phase hormone with significant individual variation. Studies with a genomic component identified variants in diseaserelated genes. Whether these are relevant to stress and anxiety in a broader population of AEAs with CHCs is unknown. To move the science forward, and identify biological factors and genomic variants broadly associated with chronic stress and anxiety, larger studies with noncategorical samples or comparing disease to no-disease groups are needed. Moving away from the candidate gene approach would also generate a larger panel of variants potentially associated with phenotypes of interest. Prior work has focused on serotonin and the HPA axis, although inflammatory pathways and cytokines are also critically important in the biological response to chronic stress. Alternative biological measures include salivary alpha amylase, hair cortisol, or telomere length.
Although nurses are intimately involved in guiding AEAs through transition, there have been few prospective studies performed by nurses. Knowledge generated from this body of research could lead to targeted use of CHC self-management programs for individuals susceptible to the deleterious effects of stress and anxiety. A greater understanding of the stress-vulnerable phenotype and mechanisms that lead to poor health outcomes may provide new methods for identifying AEAs at greatest risk and development of targeted approaches specifically designed to address stress and anxiety as a feature of self-management. The findings highlight the critical importance of nursing research in this field and the need for nurse representation on interdisciplinary research teams so that opportunities to advance self-management and the potential for sustained behavioral change are fully realized.
Conclusions
This integrative review identified and evaluated studies of biological measures of chronic stress and anxiety in AEAs with CHCs. This area of research is in its very early stages, with notable limitations for clinical translation. However, current literature provides a critical foundation for future studies. The transition to adulthood is a complex time period; future studies should consider alternative population definitions, as well as a noncategorical approach to CHC diagnoses. This would improve generalization of findings while focusing on the shared experience of transition.
Current approaches to CHC self-management are applied broadly, with little consideration of individual characteristics and preferences. Identifying factors associated with potentially maladaptive responses to the acute stress of transition to adulthood will facilitate individualized approaches to CHC self-management, leading to improved physical and mental health throughout the lifespan. Alternatively, self-management interventions could be tailored to families and individuals, with similar families receiving similar interventions. Further research is needed regarding the effect of tailoring these interventions.
This body of research also focused on highly variable biological data, such as salivary cortisol. Future work identifying genetic factors will help guide individualized application of interventions. Studies across different sites or using existing datasets will play a critical role in generalizability. A deeper understanding of how to address high stress and anxiety during transition may help design interventions to strengthen protective behaviors and capitalize on resiliency. By clarifying the study population, diagnoses examined, and biological factors of interest, targeted approaches to improve self-management can be developed.
Limitations
Although standardized review process steps were followed, additional articles may have been missed. An additional search focusing on co-authors listed on these articles may be informative in identifying additional publications in this area. 
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